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Specification 

1. Title of Invention 

COPPER LEAD FRAME FOR SEMICONDUCTOR DEVICES 

2. Scope of Patent Claim 

(1) A Cu lead frame for semiconductor devices which is characterized by 
the fact that in a lead form with an outer lead part that has been pre-solder 
plated, a die bond part and an inner lead part, 

there is a layer containing Zn in at least the outermost layer of the lead 
form joined with the solder plating. 

(2) The Cu lead frame for semiconductor devices in item 1, which is 
characterized by the fact that the aforementioned lead frame material contains 5 
wt% or more of Zn. 

(3) The Cu lead frame for semiconductor devices In items 1 and 2, which 
is characterized by the fact that there is a Zn plating layer with a thickness of 0.5 
to 5 pm at the outermost layer of the lead frame joined with the aforementioned 
solder plating. 

(4) The Cu lead frame for semiconductor devices In items 1 and 2, which 
is characterized by the fact that there is a brass plating layer with a thickness of 
0.5 to 5 pm at the outermost layer of the lead frame joined with the 
aforementioned solder plating. 
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3. Detailed Explanation of Invention 

[Industrial Field of Application] 

This Invention pertains to a Cu lead frame for semiconductor devices and 
particularly to a lead form with an outer lead part that has been pre-solder 
plated. 

[Conventional Technology] [Prior Art] 

In general, after plating the die bond part and Inner lead part of the lead 
frame with Au, Ag, etc., die bonding, wire bonding, and resin molding are 
performed, the outer lead part is solder plated, and then lead bending is 
performed for the production of semiconductor devices, such as ICs, Trs, etc. 
This production includes a process of wet plating after the semiconductor device 
has been assembled, which poses problems during assembly processes. 

The method whereby a lead frame where the outer lead has been pre- 
solder plated (pre-plated frame, referred to below as PPF) is used has been 
proposed and is being used for practical purposes as a method for solving these 
problems. 

[Problems to be Solved by Invention] 

Nevertheless, there is a problem with this PPF in that a diffusion reaction 
occurs between the Cu in the lead frame material due to the heat that is 
generated during die bonding, wire bonding, and resin molding, and as a result, 
a diffusion layer is formed. Therefore, there is a marked reduction in solder 
wettability of the outer lead during substrate packaging. Moreover, cracks are 
produced in the solder plating surface during bending of the outer lead. This 
results in a reduced reliability. 
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As a result of performing intense studies, tfie inventors developed a PPF 
with which a diffusion reaction between the Cu and Sn is prevented and 
therefore, there is no deterioration of solder wettability of the outer lead during 
packaging and cracks are not produced during bending. 

(Means for solving problems] 

The Cu lead frame for semiconductor devices pertaining to the first 
invention is a lead frame where In a lead form with an outer lead part that has 
been pre-solder plated, a die bond part, and an inner lead part, there is a layer 
containing Zn in at least the outermost layer of the lead frame joined with the 
solder plating. 

Actually, it is preferred that the aforementioned lead frame material 
contain 5 wt% or more of Zn. 

Moreover, it Is preferred that there be a Zn plating layer with a thickness 
of 0.5 to 5 |jm at the outermost layer of the lead frame joined with the 
aforementioned solder plating. 

Furthermore, it is preferred that there be a brass plating layer with a 
thickness of 0.5 to 5 pm at the outermost layer of the lead frame joined with the 
aforementioned solder plating. 

That is, this invention presents a Cu lead frame for semiconductor 
devices where there is a layer containing Zn in at least the outermost layer of the 
lead frame joined with the solder plating. 

[Effects] 

It is a known fact that when Zn is present in the diffusion reaction between 
Cu and Sn, there is a marked reduction in the rate of diffusion. By means of this 
invention, the outermost layer of the lead frame part joined with the solder 



5 



plating contains Zn and therefore, a reduction in the diffusion rate between the 
Cu in the frame and the Sn in the solder and the formation of a diffusion layer 
between the Cu and Sn are prevented. Consequently, a reduction in solder 
wettability is prevented, cracking during bending is avoided, and reliability is 
improved. 

Furthermore, actual examples are lead frames that use lead frames 
containing Zn and lead frames plated with plating containing Zn at the lead 
frame surface prior to solder plating. 

When materials containing Zn are used, this content is 5 wt% or more. 
9/1 red brass, 8/2 red brass, 7/3 yellow brass, etc., are preferred. The content Is 
5 wt% or more because Zn has no effect in terms of preventing diffusion when 
the content is less than 5 wt%. 

Moreover, Zn plating and brass plating can be used for the plating 
containing Zn. 0.5 to 5 mti is the preferred plating thickness. When it is less 
than 0.5 pm, the effects of Zn are not realized, and a thickness of more than 5 
Mm is not desirable in terms of cost. 

Furthermore, although the aforementioned two platings are used alone, of 
course, a combination of the two can be used. 

(Examples] 

This invention will now be explained in further detail with examples. 
(Example A) 

Lead frames with various Zn concentrations (thickness of 0.25 mm, 14 
pin, DIP type) were made and then solder plated to a thickness of 5 pirn with Sn- 
10% Pb in the solder plating baths listed below. The sample was heated for a 
specific amount of time in a 150OC air current and then soldering wettability was 
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evaluated using a rosin flux of weak activity in accordance with condition B of 
JIS C 5033. 

The results are listed in Table 1. Moreover, in the evaluations, ratings 
were made in 3 steps using the solder wetted surface area. That is, O is 100%, 
A is 95% or higher, and X is less than 95%. 

Solder plating baths 
45% Sn(BF4)2 
45% Pb(BF4)2 
42% HBF4 
Fomnalln 

Additive (UTB made by Ishihara Seiyaku) 
Bath temperature 
Current density 



Table 1. 



No. 


Zn 

content 
(%) 


Heating time 






1 


10 


50 


100 300 


Examples 


1 


5.6 


0 


0 


0 


0 


0 


2 


6.1 


0 


0 


0 


0 


0 


3 


12.1 


0 


0 


0 


0 


0 


4 


21.8 


0 


0 


0 


0 


0 


5 


30.5 


0 


0 


0 


0 


0 


6 


36.4 


0 


0 


0 


0 


0 


Comparative examples 


1 


0 


0 


A 


X 


X 


X 


2 


0.3 


0 


A 


X 


X 


X 


3 


1.6 


0 


A 


A 


X 


X 


4 


3.8 


0 


0 


A 


A 


X 


5 


4.2 


0 


0 


0 


A 


X 



200 g/l 

40g/l 

240 g/l 

10CC/I 

40 g/l 

20°C 

5A/dm2 
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(bxample B) 

Brass plating (and Zn plating) at the various Zn concentrations shown in 
Table 2 was perfornned on a lead frame made of copper alloy with the 
composition Cu-2% Sn-0.2% Ni (0.25 mm thick, 14 pin, DIP type). Then the lead 
frames were solder plated as in Example A to obtain evaluation samples. The 
samples were submitted to soldering and heating tests as in Example A and 
solder wettability was similarly evaluated. 



N a r N : 1 2 K / I 
N a 0 H : 8 0 g / I 



3 0 C . 3 A /' d n ' 



C uC N : 3 0 s/ 1 



lu (CH) J : 2 ^ / ! 
M 2 C N : 4 •] i; / ! 



b M r •> J /V : [ / ; 

lot: . n . ^ A . :3 ^ 



c: u - 3 0 z 




0 r /' 1 



Key: 

a. plating 

b. potassium sodium tartrate 
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Table 2. 



No. 


Zn content 
(%) 


Plating 

thickness 

(u) 


Heating time (Hr) 








1 


10 50 100 300 


Example 


7 


10.5 


0.65 


0 


0 


0 


0 


0 


8 


10.5 


1.3 


0 


0 


0 


0 


0 


9 


10.5 


3.7 


0 


0 


0 


0 


o 


10 


10.5 


4.5 


0 


0 


0 


0 


o 


11 


29.7 


0.53 


o 


0 


0 


0 


o 


12 


29.7 


1.8 


0 


0 


0 


0 


0 


13 


29.7 


3.5 


0 


0 


0 


0 


0 


14 


29.7 


4.6 


0 


0 


0 


0 


0 


15 


100 


0.61 


0 


0 


0 


0 


o 


16 


100 


1.1 


0 


0 


0 


0 


0 


17 


100 


3.3 


0 


0 


0 


0 


0 


18 


100 


4.6 


0 


0 


0 


0 


0 


Comparative examples 


6 


0 


0 


0 


A 


X 


X 


X 


7 


10.5 


0.11 


0 


A 


X 


X 


X 


8 


10.5 


0.38 


0 


A 


A 


X 


X 


9 


29.7 


0.25 


0 


A 


X 


X 


X 


10 


29.7 


0.42 


0 


0 


A 


A 


X 


11 


100 


0.16 


0 


A 


X 


X 


X 


12 


100 


0.44 


0 


0 


0 


X 


X 



In Examples 15 through 18 and Comparative Examples 1 1 and 12, Zn plating 
was not performed, while in Comparative Example 6, brass plating was 
not performed. 

As is clear from Tables 1 and 2, the examples [of the invention] 
(Examples No. 1 through No. 18) showed good solder wettability. When 
compared to these examples, there was very fast deterioration of solder 
wettability in the sample that did not contain Zn (Comparative Example No. 1) 
and the sample that was not brass plated (Comparative Example No. 6). 
Moreover, the deterioration of solder wettability occured rapidly in the samples 
containing less than 5% Zn (Comparative Examples No. 2 through 5) and in the 



9 



samples with a thin brass plating thickness (Comparative Examples No. 7 
through 12). 

(Example C) 

Bending of the lead to a bend radius of 0.5 mm was performed on typical 
samples from Examples A and B (heat treated for 100 hours each). 
The results are listed in Table 3. 



Table 3. 



No. 


Presence of cracks 


Examples 




3 


No 


5 


No 


9 


No 


12 


No 


18 


No 


Comparative Examples 




1 


Yes 


4 


Yes 


8 


Yes 


10 


Yes 


12 


Wrinkles 



As is clear from Table 3, in contrast to the fact that there was no cracking 
of the samples of this invention, all of the comparative examples showed crack 
formation. 

As previously mentioned, since a layer containing Zn is present in at least 
the outermost layer of the lead frame joined with the solder plating, there is no 
reduction in solder wettability of the outer lead part of PPFs and cracking does 
not occur during bending. Thus, production of semiconductor devices is 
facilitated and the reliability of the semiconductor is improved. 
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[Results of Invention] 

As previously explained, the outermost layer of the lead frame part joined 
with the solder plating contains Zn and since a lead frame material containing Zn 
is used and the surface of the lead frame is plated with a plating containing Zn 
prior to solder plating, the formation of a diffusion layer between the Cu and Sn 
is prevented. Therefore, a reduction in solder wettability is prevented, there is 
no reduction in solder wettability, and cracking does not occur during bending. 
This has marked industrial effects in that it facilitates semiconductor device 
production and improves the reliability of the semiconductor. 
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0.25 
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X 


X 
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29.7 
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X 


X 


X 




12 


100 
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o 


X 


X 
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